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 １ 論文題目（英文の場合は，和訳を付記すること） 
Research on Interactive Teaching System with Eye Tracking Interface Based on                                    
Intention Recognition of Human                                                 
(視線追跡による人間の意図認識に基づくインタラクティブ教示システムに関する研究)                           
 ２ 要  旨（和文 2,000字程度又は英文 800語程度にまとめること。） 
 HCI (human-computer interaction) has been a major area of research in computer 
science, human factors, engineering psychology and closely related disciplines. And 
current interaction methods tend to be one side, with the bandwidth from the 
computer to the user far greater than that from user to computer. A fast and effortless 
mode of communication from a user to a computer would help redress this imbalance. 
Recently, eye tracking technology, with its special advantages of more direct 
interaction and freeing up the hands, has been widely studied. At the same time, 
because it can be applied to such as ALS (amyotrophic lateral sclerosis) patients, it is 
also useful as a solution for disabilities or patients to interact with computer and 
others.                                                                          
  The technology for measuring eye movements by computing pupil position in real 
time has been improving. The problem still exist is how to find an appropriate 
interaction method that can reflect user's intention or the main purpose of 
interaction. Therefore, some methods also have been researched to infer or predict 
user's intention or visual attention by using different factors. Gaze movements 
correlate with moving in attention and are considered to be a consequence of optimal 
resource allocation for top-down model tasks such as visual recognition. On the other 
hand, for the bottom-up model, the features of scene images which human looking at 
are thought to be the factors for visual attention. Till now, it recognized that the 
method by computing saliency map is effective for visual attention recognition. 
Saliency maps proposed by Itti, are often built on the assumption that beforehand                                         
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features as opposed to objects themselves drive attention. In order to infer or predict 
user's intention based on gaze movements and saliency maps effectively, it is 
necessary to study on the approach during the data processing.                                           
  On the other hand, in the last years, the applications for developing nursing-care 
systems for disabled people also have been increased, and a great advance has been 
produced in the communication systems between humans and machines. One of the 
great steps is interactive application for the disabled people enabling them 
self-controlled mobility without external help. But unavoidable problems still exist in 
these systems for two reasons: their limited mobility and restricted functionality. 
Because of their kinematic constraints, conventional wheelchairs are hardly suitable 
to move within packed rooms. An increase of the mobility can be reached by 
conducting of an interactive system for omnidirectional wheelchair.                                          
  In this research, our final target is to develop an interactive system for 
omnidirectional wheelchair based on eye tracking. We first propose an eye tracking 
system to control a humanoid robot, concerning the control method and how to reflect 
user's operation intention or object. In this system, we address the problem of 
recognizing the operation intentions of disabled people to a head mounted device with 
eye tracking function. Neural network is employed in the calibration and tracking 
process for improving the accuracy and flexibility of the system. The experiment by 
using a humanoid robot is performed based on the result of eye tracking and 
executing an object recognition function as the same time. After confirming by user, 
the robot is controlled with an assistant task for user precisely.                                           
Second, we propose a method to infer user's intention by considering the subjective 
factors. In this part, the frequency and time of user's gaze appeared in a certain 
region are considered as the inference basis. They are employed as the input of a 
fuzzy system to achieve intention recognition. The fuzzy rule used in this part is 
generated based on the average value of each factor. And an initial set of possible 
intention regions are also found by object recognition.                              
 We also propose two methods to infer user's intention by considering the 
non-subjective factors. In extension of previous models of saliency-based visual 
attention, we propose two methods of bottom-up salient region selection, which 
estimates the approximate extent of region attended by fuzzy inference and fuzzy 
neural network (FNN). In these both two methods, the color, intensity and                                    
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orientation feature maps of an image are employed as the inputs. In the traditional 
method, the saliency maps are obtained by combining feature maps. A lot of 
researches on saliency map are getting some features of image and combining them 
by simply sum in mathematics. The method of simple sum of them gives them the 
same importance at the same time. Its weakness is that features' importance in 
decision process of saliency map cannot be reflected. In order to solve this problem, 
fuzzy inference rules are making according to the importance of each feature based 
on expert's experience. But the method is only suitable for specific images, which 
means is not universal. Therefore, by using FNN, the importance of all features can 
be reflected in fuzzy rule with the human decision making model by the conceptual 
framework of fuzzy logic. In the system with FNN, a McGill calibrated color Image 
Database is used as the sample data for training.                                                          
 Finally, to evaluate the effectiveness of this proposed methods, inference results of 
user's intention by using both eye tracking and saliency maps is used to control an 
omnidirectional wheelchair. Furthermore, we use images gotten from a camera as the 
input image of the system in order to provide an omnidirectional view to the user. The 
whole final system is composed by three parts, which are eye tracking, intention 
recognition and control of omnidirectional wheelchair.                                            
 
